Arsenic contamination of groundwater in Bangladesh is a widespread public health hazard. Water sources without high arsenic levels are scarce, affecting people's availability for work and other activities when they have to seek safe water to drink. While children are particularly susceptible to chronic arsenic exposure, limited information and heavy constraints on resources may preclude people in developing countries from taking protective actions. Since parents are primary decisionmakers for children, a model of stochastic decision-making analytically linking parent health and child health is used to frame the valuation of avoiding arsenic exposure using an averting behavior model. The results show that safe drinking water programs do work and that people do take protective actions. The results can help guide public health mitigation policies, and examine whether factors such as child health and time required for remediation have an effect on mitigation measures.
MCL is set at 10 ppb (US EPA ). Bangladesh has yet to implement the U.S. EPA and WHO recommended arsenic standard of 10 ppb (0.01 mg/L concentration) for drinking water. Although there are conflicting figures, as many as 77 million people (WHO) and as few as 30 million people (Tibbets ) in Bangladesh are estimated to be at risk of arsenic poisoning from drinking water with arsenic levels in excess of 50 ppb or (or 0.05 mg/L) (United Nations Children's Fund (UNICEF) ). The public health crisis due to arsenic contamination in drinking water in Bangladesh has been described as 'the largest mass poisoning of a population in history' (Smith et al. ) .
Several studies have demonstrated that households in developed countries will take actions to protect adults and their children from health risks and have estimated the implicit value parents place on reducing these child health risks (e.g. Carlin Groundwater is a primary source of drinking water in Bangladesh and allows households to avoid bacterial contamination of surface waters that lead to gastrointestinal diseases (Smith et al. ) . Tubewells, which consist of a lined bored hole to the depth of the water table, provide the mechanism for pumping the groundwater to the surface.
In rural areas of Bangladesh public health policy makers have painted tubewells green or red; green indicates that arsenic concentrations in the well water is below the Bangladesh MCL of 50 ppb and red indicates that the arsenic concentration is above this standard. The intended health message to villagers is that water from green wells is safe to drink and water from red wells is not safe to drink.
The research questions posed here ask if Bangladeshi households respond to the safe drinking-water message, green versus red wells, and if they take extra actions to protect their children. The goal is to estimate whether averting behavior exists, and the data collected reflect observations of what people are doing to avoid the contamination. This averting-behavior investigation is developed within a household production framework of time allocation to access 'safe' water from green tubewells and the model builds on the endogenous risk framework of Ehrlich & Becker () and Nastis & Crocker () . A unique aspect of the conceptual framework is that parent health is allowed to affect child health and vice versa. That is, an unhealthy parent may not be able to allocate as much time to protect their children's health as a healthy parent, and caring for an unhealthy child may leave parents with less time to care for their own health. The empirical investigation uses data on households' decisions to avoid arsenic exposure in the Matlab area of Bangladesh.
PREVIOUS RESEARCH
A number of papers have laid out the conceptual framework for household-production models of out-of-pocket expendi- (Agee & Crocker ) and mothers who smoke value improvements in their child's health 1.5-1.7 times more than equivalent improvements in their own health (Agee & Crocker ) .
Other studies that focus on arsenic mitigation in Bangladesh do not investigate parental values for child health. This summary of the literature shows that the use of averting behavior models to model actions people take to protect their household health are well established, but the procedures for implementing these studies vary dramatically from one study to the next. Very few of these studies have been done in developing countries, have considered arsenic contamination or attempted to analytically link parent health to child health. The research presented in this paper expands this literature by investigating household arsenic avoidance decisions in a household production framework that includes health production functions for both parent and child health using data from a rural area of Bangladesh. In addition, while most other studies have investigated out-of-pocket averting expenditures, this study focuses on the time households spend procuring safe drinking water. Green wells are generally free access, but household decision-makers must walk to and from these wells to procure water. Finally, this is the first study that uses a household production framework with a health production function that allows parent health status to influence child health status and vice versa.
CONCEPTUAL FRAMEWORK
The model builds upon the endogenous risk framework of Ehrlich & Becker () and Quiggin () because households can affect their exposure to arsenic through the drinking-water choices they make. A household-production framework is used to characterize activities parents take in procuring drinking water to protect their families from arsenic exposure. A representative household decisionmaker who is the primary water procurer, is assumed to allocate household resources to maximize the utility of an altruistic parent, an assumption used in most research involving the economics of the family (Becker ; Behrman et al.
). The water procurer is typically a parent and typically the mother in our application; we will use the terms water procurer and parent interchangeably. The unitary model is an appropriate framework for this study because parents do make choices for their children. In this context health risks to children are involuntary because arsenic risk exposure decisions are made for them by their parents. Children drink the water they are provided with, eat the food that is available in the household, and go where they are taken by their parents to garner health services. Children's choices are not modeled here because they are not relevant in this study. Parents' choices for their children, however, are relevant; particularly the choices that parents make in response to perceived ambient risk levels in terms of goods, services and time. One child is included in the model (the oldest child), which allows the analysis to consider the choices parents make in taking risks for themselves and their children (Rosenzweig & additional structural assumption that allows parent health to affect child health and child health to affect parent health.
Theoretical model
The focus of this section is to present the theoretical model of averting actions that households take to avoid exposure to arsenic-contaminated water and to use this to frame the parent's valuation of their own and their child's health.
Based on this theoretical model, an empirical framework is designed to estimate marginal willingness to pay for avoiding arsenic in their own and their children's drinking water.
The model is based on endogenous risk where the household decision-maker does not know whether they or other household members will be ill from arsenic exposure. Risk is endogenous because the household takes averting actions that reduce the risk of arsenic exposure. Households choose between procuring water from a green or red well to protect themselves and their children from the health hazards posed by arsenic in their drinking water. There is a menu of technologies a household could use to mitigate exposure to arsenic in drinking water, such as pond sand filters, rain water harvesters, etc., but our data indicate that these other technologies are rarely used. Thus, for our model we have a binary choice between using green and red wells, but the theoretical framework could accommodate multiple technologies. Arsenic poses only a health hazard; it does not affect the taste or smell of water. Thus, the choice between green and red wells does not affect the palatability of the water. Protection technologies can alter the probability of an arsenic-related health effect being realized as well as the severity of any realized effect. Each technology has three basic aspects: access, effectiveness and intensity of use.
Access is a binary variable with two states: failure or success. Access failure here occurs because a household does not use a green well for drinking water. Effectiveness depends on the intensity of use of green wells.
Household members do not know whether they will become ill from drinking water from a red well. Thus, the theoretical specification is based on perceived health risks that the household water procurer (parent) perceives. The conceptual framework is based on perceived health risk and the water procurer chooses between two technologies, green vs. red wells to protect their own and their child's health. Let effectiveness of using a green well be denoted by x g (z g ) where z g denotes the intensity of use. Effectiveness of an accessible technology to reducing arsenic exposure relates to the reduction in associated health risks and depends on intensity of use of the technology. A reduction in exposure to arsenic as a result of actions taken by the household is referred to as mitigating arsenic exposure. Mitigating arsenic exposure α g is then defined in terms of effectiveness and intensity of use
The water procurer chooses the intensity of using a green well at a cost c g z g , where the cost here is delineated in time spent walking to and from a green well. Let utility be an additively separable, twice continuously differentiable function of household income (W), health of the child (h c s ) and health of the parent (h p s ); other utility arguments are assumed to be separable and are suppressed for notational convenience. Health of the child and the parent are functions of mitigating arsenic exposure (α g ), perceived health risk to the child (r c ), perceived health risk to the parent (r p ), the arsenic level in the tubewell water ( r) and the physical characteristics of child (b c ) and parent (b p ).
The probability that someone in the household will become sick from exposure to arsenic in drinking water is the household's joint density function for two random variables, probability the child will become sick [π c s (α g , r c , r, w)] and probability the adult will become sick [π p s (α g , r p , r, w) ], such that:
( 2) Here, π c s (α g , r c , r, w) is the water procurer's subjective probability of the child's health being in state s c , and w is opportunity cost of the water procurer's time. Similarly, π p s (α g , r p , r, w) is the procurer's subjective probability of their own health being in state s p . Health states s c and s p theoretically represent a set of different health states.
Assuming subjective probabilities are consistent with the Savage subjective probability axioms, parent (water procurer) preferences can be represented by an expected utility function where this expectation is a weighted average of their utility in each realized state (Savage ). Parents' subjective probabilities of health state serve as the weights for the utility function with parents choosing the level of intensity (z g ) for arsenic avoidance
where
Household income (W ) is conceptually the stream of lifelong income and is equal to money income (I ) and
wage income (wT), where w is wages and T is time at
However, in the current application A key departure from the Nastis and Crocker framework is considering the gains from mitigation rather than losses from exposure. Specifically the focus is on gains from mitigating arsenic exposure rather than losses from households' exposure to arsenic. This means that W is what is left over after subtracting the cost of protection activities from the initial endowment of wealth and from gains from mitigating arsenic exposure. Let G s ¼ G s (α g , r c , r p , r, w) be the household's gains from avoiding exposure to arsenic, which is a function of mitigating arsenic exposure (α g ), the perceived risk level for the child (r c ), the parent's own perceived risk level (r p ), the actual arsenic level in the tubewell water ( r) and the opportunity cost of parent time (w). Intuitively, gains are an overall measure of better quality of life due to mitigation (e.g. health and productivity benefits). Gains increase at a decreasing rate as arsenic exposure mitigation increases (i.e. @G s =@α g ≻ 0 and @ 2 G s =@α 2 g ≺ 0). The child health production function is affected by mitigating exposure to arsenic (α g ), perceived ambient risk (r c ), perceived ambient risk level for the parent (r p ), the arsenic level ( r), opportunity cost of parent's time (w) and physical characteristics (b c ). The parent's health production function is similar.
This conceptual framework departs from previous research in several important and unique ways:
• the arsenic risk level affects averting behavior, and the child's and the parent's health;
• the child's health (h c s ) depends on perceived health risks for themselves and perceived health risks for the parent; and
• the parent's health (h p s ) depends on perceived health risk for themselves and for the child.
These later assumptions recognize a sick parent may not be able to provide as much care for a child as a healthy parent. Similarly, if a child is ill, this can take its toll on a parent's health.
Solving the optimization problem results in three firstorder conditions, detailed in the Appendix (available online at http://www.iwaponline.com/wh/013/213.pdf). One firstorder condition is often called the efficiency condition which is a result of optimizing with respect to level of intensity (z g ). This condition states that parents will take protective actions until the probability weighted marginal benefits from protection equal the marginal cost of protection (c g ). The probability weighted marginal benefits of protection include the effect of mitigating arsenic exposure on: the joint child/ parent health probability, gains, child health and parent health. The remaining first-order conditions result in parent willingness to pay for child protection and parent willingness to pay for self-protection. The conditions show parent willingness to pay in terms of child and parent risk effects (and can be seen in more detail as the differential terms showcased in the Appendix); the willingness to pay for child health depends on the expected effect of exogenous risk reduction on child health, while parent willingness to pay for own health depends on the expected effect of exogenous risk reduction on parent health. All three conditions are solved simultaneously to frame the specification of the empirical model.
Empirical model
The previous section presents an analytical structure for a () and Nastis & Crocker () . The theoretical representation (Equations 3(a)-3(e)) form the basis for the structural equations shown in Equations (4) through (7) below. Equation (4) (6) and (7) are the linear representations of the health production functions for child (h c s ) and parent (h p s ) following from Equations 3(d) and 3(e) respectively
where the ϵ are the econometric error terms. Following Endogeneity is expected as the exogenous variables that enter the right-hand-side of Equations (4) through (7) may bring correlations between health inputs and health outcomes. In the behavioral model these inputs are parents' own choices -(e.g., choices for mitigation, immunizations given to children). The final equations were estimated as a system of four equations. Equations (4) through (7) were solved in SAS © using the Qualitative and Limited Dependent Variable Model (QLIM) procedure, which analyzes univariate and multivariate limited dependent variable models. QLIM was used to solve four simultaneous probit models.
Both consistency and efficiency can be gained by estimating Equations (4) through (7) 
Summary statistics
The data were utilized to estimate Equations (4)- (7). Table 1 reports dependent variable definitions, coding and descriptive statistics. The survey data provide the variables ProbHealthState (π s ), Gains (G s ) and ParentHealth (h p s ), while the secondary health data from ICDDR,B provides the variable ChildHealth (h c s ). ProbHealthState is a binary variable that represents the water procurer's expected health state for the household. A survey question asks respondents whether someone in their household will become ill from exposure to arsenic in their drinking water; 34% of respondents believed someone in their household would become sick from exposure.
Gains represent household's perceived gains from mitigating arsenic exposure. Gains are an overall measure of better quality of life due to mitigation which could include improved health or productivity benefits. Respondents were asked whether they thought the gain from arsenic mitigation was high, moderate, low or none. Overall, 18% of respondents thought there were no gains and most thought there were moderate gains (46%) or high gains (31%) from arsenic mitigation.
As noted above, ChildHealth is indicated by the nutritional status of the child; this is measured by the MUAC of the child in millimeters divided by the child's age. According to Bosch (), after being normalized for age, a MUAC greater than 135 mm is considered normal; less than 135 mm is considered malnourished; a MUAC of less than 125 mm is severe malnutrition and a MUAC of less than 110 mm is considered acute malnutrition. Child health is coded as one of these four categories, and 57% of children had acute malnutrition. While this indicator of child health is not elicited as the parents' subjective perception of their child's health, health workers do inform parents of the health state corresponding to their child's MUAC.
ParentHealth indexes respondent's ratings of own health from 1 through 4. Respondents were asked whether they were in very bad health (1), bad health (2), good health (3) or very good health (4). Overall, 4% reported very bad health, but most reported good health (37%) and very good health (20%). Table 2 reports the independent variables. The personal interviews collected data for the variables Avert (z g ), PriceAvert (c g z g ), TimeAvert (w), WorkMore (R WM ), WorkAbility Avert represents a switch away from a red tubewell to a green tubewell, a safe drinking water source. About a third of respondents (34%) switched away from arsenic-contaminated water in a red tubewell: we elicited a binary response on whether the respondents have ever switched from a red tubewell to their current mitigating source. Survey data revealed the prevalent mitigation method in the sampled set of respondents is switching to a green tubewell. Note that some respondents may not need to switch as the tubewell immediately adjacent to their home may be green.
PriceAvert represents the initial cost of switching to a green tubewell. Each respondent reported their share of the cost of installing or reinstalling tubewells, whether it was 0 Bangladeshi Taka (BDT), all of the cost, or a portion of the total cost. The mean initial cost is 178 BDT with a range from 0 to 7,000 BDT.
For respondents switching from a red tubewell to a green tubewell, TimeAvert reports the time spent for one trip to gather water from the green tubewell. The time ranged from zero to 180 minutes with a mean of 44 minutes.
About a quarter (23%) of respondents did not think averting arsenic would improve their ability to work (Work-Ability) and their chances to work (WorkMore). Both of these are ordered categorical variables; respondents were asked to rate their expected changes from 1 through 4, where 1 corresponds to no chance or no increased ability to work, while 4 corresponds to a high increase in chance or ability to work.
ChildRisk is an indicator for perceived arsenic risk for the child. This variable records vitamin A supplementations given to a child. Vitamin A was administered in capsule form for young adults, 100,000 IU for infants aged 6-11 months, and 200,000 IU for children aged 12-59 months.
Based on studies that widely posit a negative correlation between arsenic toxicity and vitamin A supplementations Bosch ). If parents take their children to the clinic for supplementations, ChildRisk ¼ 1. Eighty-eight percent of parents took their child for vitamin A supplementations.
ParentRisk is indicated by a binary variable corresponding to a survey question asking the respondent whether he or she is concerned about contracting health problems from arsenic in drinking water. Thirty-eight percent were concerned about getting sick from arsenic contaminated water.
AAS depicts the actual arsenic levels found in the tube- Table 3 presents the explanatory variables for each of the four Equations ((4)- (7)) and the expected signs of coefficients on each variable. A question mark indicates that the expected sign is indeterminate: For example, intuitively we expect to see a positive effect of averting on gains from mitigation, child health and parent health. However the act of averting may be perceived to take more time than is beneficial in productivity or health benefits. People may perceive higher gains from not mitigating as the choice to avert may take more time away from work and time spent walking may be detrimental to their own health, especially if they are starting from a poor health state. Averting could also potentially take time away from parents to care for their child, resulting in a negative effect on child health.
RESULTS
The results for the simultaneous system of equations conveys, for the most part, a consistent story. At least half of the explanatory variables are statistically significant in each equation (Table 4 ). All but one of the significant vari- It is also interesting to note that parent health risk (Par-entRisk) did not affect child health (ChildHealth) and vice versa. While this is a novel aspect of this model, the empirical results do not suggest that a parent in poor health is less able to provide for the health of a child than a parent in good health. Likewise, a child with health risks does not appear to diminish parent health. The effects of changes in independent variables in an ordered probit model are not easy to interpret. Keeping in mind that care must be taken in interpreting the coefficients that come from an ordered probit, marginal effects must be computed as partial derivatives for continuous variables and discrete changes must be computed for effects of binary variables (Greene 2003) . For binary variables the interpretation is the increase or decrease in probability that the dependent variable takes on the value of 1 if the binary variable is 1. The marginal effects for the continuous variables can be interpreted as the approximate increased or decreased probability that the dependent variable takes on the value of 1, given one more unit of the explanatory variable, with other explanatory variables held at their mean. Even with these extra calculations researchers warn that marginal effects should be used with caution and for an overall impression only (Liao 1994) . The motivation for averting arsenic exposure is enhanced by the presence of children in the household.
One of the key aspects of this paper is the assumed reciprocity of parent and child health. Children are particularly susceptible to arsenic in drinking water and public health directives on remediation of arsenic would purportedly have a strong effect on child health. Furthermore, public health awareness campaigns may benefit not only by highlighting health consequences for children from arsenic contamination in drinking water, but by highlighting the adverse effects that trickle down to affect children's health from adults' exposure to arsenic contaminated water. This is particularly relevant for pre-and post-natal health care (e.g. supplementations taken during pregnancy, breast milk feeding practices) and may speak to targeting women in public health awareness campaigns. The health of water procurers (typically the mother) is important in this regard as this may affect intensity of averting, which in turn would affect child health. On the other hand, a child who is ill may adversely affect the health of the water procurer (time and energy spent in taking care of a sick child). However, the assumed reciprocity of parent and child health is not borne out by the empirical analysis. In terms of child-toparent health reciprocity, a parent in rural Bangladesh, who typically has to care for many children, may not have the luxury of devoting much time or energy to take care of one sick child. In terms of parent-to-child health reciprocity, this may mean despite poor parent health, intensity of averting is not affected. A future direction for work in this context points to relative valuation of child versus parent health.
The model of stochastic decision-making linking parent health and child health outcomes can be used to frame the relative valuation of child and parent health, particularly in a developing country context. Willingness to pay studies that look at the relative valuation of child over parent health in relatively affluent countries show that parents tend to value their child's health higher than their own.
Agee & Crocker () show parents' valuation of their children's health exceeds the valuation of their own by 1.5-1.7 percentage points, while Dickie & Gerking () found that parents are willing to accept a more than twofold increase in risk of skin cancer to themselves in return for lowering this risk to their children by one percentage point on average. The relative estimates for parent and child health reported above and other studies also suggest that at-risk parents value their child's health significantly higher than their own (Dockins et al. ; Dickie ) .
Would this hold in a heavily resource-constrained context?
In rural Bangladesh children help provide the sustenance for the households, which is not the case for the United States applications cited above, and Bangladeshi households have more children on average than do households in the United States. A future question we can ask going forward is whether or not parents value their child's health more than their own when they are in a developing country context.
